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EP 1 024 399 B1
Description

Field of the Invention

[0001] The present invention relates to light sources, and more particularly, to a solid state light source that emits in
the green region of the optical spectrum for use in projectors and the like.

Background of the Invention

[0002] Systems for projecting images onto screens are known in the art. Systems based on incandescent or arc
lamps are often used in projection displays. However, such sources have limited lifetimes and poor output stability over
the life of the light source. In addition, spectral components, such as UV and IR, that are not needed for display purposes
must be filtered out of the emissions to avoid damage to other components or the viewer's eyes.

[0003] Sources based on combinations of Light Emitting Diodes (LEDs) or semiconductor lasers that emit red, green
and blue light can be used as a solid state light source. Since LED and laser emissions are typically spectrally narrow
band light sources, the use of color filters for the display can be omitted. Also the optical output of semiconductor lasers
and LEDs can typically be electrically modulated at a rate that is sufficient for a time sequential color display. Further-
more most solid state lasers emit linear polarized light which further improves the efficiency of light production and
simplifies the optics in projection systems.

[0004] Unfortunately, individual solid state light sources do not provide sufficient brightness for many projection dis-
play applications; hence, arrays of LEDs must be utilized to obtain sufficient output. In order to provide a full color
display, the solid state light source has to include emitters of at least three different colors forming a mosaic emitter
pattern. Assuming color independent optical losses in a display application, the area of the LED array that is covered
by each kind of emitter has to be adjusted to provide white light when all emitters are active. Hence, the radiance of
the LED array is dominated by the lowest occurring radiance of emitters of any color. The composition of the LED array
can be adjusted to compensate for color dependent losses in the display application.

[0005] WO 88/07249 discloses a display with pseudo-color pixels, comprising red and green LEDs, wherein dots of
fluorescent paint are exited with an ultraviolet light source for obtaining blue light.

[0006] Present LED technology provides devices with higher radiance in the red and blue spectral regions than for
green light. Further, the spectrum of these high power green LEDs shifts to shorter wavelengths with increasing drive
current or output power. This wavelength shift creates color distortions in the image if the LED output power is amplitude
modulated in order to provide gray scaling in the image.

[0007] Broadly, it is the object of the present invention to provide an improved solid state light source that emits in
the green region of the optical spectrum.

[0008] Itis a further object of the present invention to provide a green light source having a spectral output that does
not shift when the output of the light source is altered.

[0009] These and other objects of the present invention will become apparent to those skilled in the art from the
following detailed description of the invention and the accompanying drawings.

Summary of the Invention

[0010] The present invention provides a light source comprising the features of claim 1.

[0011] The presentinvention is a light source constructed from a two dimensional array of light emitting devices. The
light emitting devices include first, second and third types of light emitter. The first type of light emitting device covers
a first area in the two dimensional array and emits light in a first region of the optical spectrum. The second type of
light emitting device covers a second area in the two dimensional array and emits light in a second region of the optical
spectrum, and the third type of light emitting device covers a third area in the two dimensional array and emits light in
a third region of the optical spectrum. The relative area covered by emitters of each kind is adjusted to provide white
light when all emitters are operating simultaneously. At least one of the first, second, and third types of light emitting
devices covers a larger area than the others of the first, second, and third types of light emitting devices. In the preferred
embodiment of the present invention, the first type of light emitting device includes a light emitting device that emits
light at a wavelength less than the wavelength of a green region of the optical spectrum and a color conversion com-
pound for absorbing the emitted light and emitting light in the green region of the optical spectrum.

Brief Description of the Drawings

[0012] Figure 1 is a cross-sectional view of a projection system according to the present invention.
[0013] Figure 2 is a cross-sectional view of a light source according to the present invention.
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Detailed Description of the Invention

[0014] The present invention may be more easily understood with reference to Figure 1, which is a cross-sectional
view of a projection system according to the present invention. Projection system 10 utilizes a solid state light source
12 to illuminate a liquid crystal light modulator 14. An optical system 13 is used to efficiently collect light from the source
and illuminate the light modulator. The light modulator is imaged onto a screen 16 by an optical system 15. A color
image is produced by sequentially displaying red, blue, and green images in a time frame that is sufficiently short so
that the eye does not perceive the separate images. The drive circuits shown at 17 decode the component video signals.
[0015] As noted above, the light output of individual LEDs or laser diodes is insufficient to provide the required illu-
mination. Hence, light source 12 is constructed from arrays of LEDs or- laser diodes. To simplify the following discussion,
embodiments based on LEDs will be discussed; however, it is to be understood that similar embodiments based on
arrays of laser diodes can also be utilized without departing from the teachings of the present invention. While the
optical output power of the light source can be increased by utilizing larger arrays of LEDs, there is a limit to the physical
size of the light source.

[0016] The useful solid angle and area of the light source are determined by the etendu of the optical system of the
projection display. The efendu of an optical element is its aperture multiplied with the solid angle of the light that is
relayed through this element. The etendu of a system is the minimum occurring etendu of its individual optical com-
ponents. Given the etendu of the optical display system and the collection angle of the collimating optics the maximum
useful light source area is determined. This area has to be covered with as many solid state emitters of maximum
available radiance as possible in order to provide maximum radiance of the light source.

[0017] To provide a full color display, a solid state light source has to include emitters of at least three different colors.
In order to maximize the brightness of a color display, the relative area covered by emitters of each color has to be
adjusted according to the respective emitter radiance. If all emitters are driven simultaneously, the resulting color shining
onto the display screen has to be white. The fraction of the source area covered by each kind of color emitter is given by:

A, - Py
A . _})x:_l+§g_+_1_)g_ A (i=1..3) 63}
ci
Dcl Dcz Dcl

Here, c1, ¢2, and ¢3 denote the three spectral emitters, P4, P., and P.5 denote the total optical power required for
each emitted color c1, ¢2 and ¢3, respectively, to generate white light at the display screen. D4, D, and D3 are the
emitted power/area of the individual solid state color emitters that reach the display screen. Finally, A;/Aq (i=1..3)
is the fraction of the total source area that is covered by the emitters of one color. Hence, the mosaic pattern must
accommodate different individual emitter dimensions. Furthermore the pattern of the individual solid state color emitters
must provide good mixing of the different color emitters in order to maximize the uniformity of illumination at the light
valve of each individual color. As noted above, green emitting LEDs typically have lower radiance then blue LEDs.
Hence, the area devoted to green LEDs must be increased at the expense of the other colors.

[0018] The present invention provides increased green light output by utilizing color conversion. As noted above,
current LED technology provides devices with higher radiance in the red and blue spectral regions than for green light.
Hence, the radiance in the green region can be improved by using a highly efficient phosphor or dye that is excited
with blue light and emits green light. An embodiment of the present invention utilizing such a conversion phosphor is
shown in Figure 2. Figure 2 is a cross-sectional view of a light source 60 according to the present invention. The array
of emitters is constructed from blue emitters shown at 61 and red emitters shown at 62. An appropriate fraction of the
blue emitters is covered by a green phosphor layer 63, which converts the blue light to green light to form a green light
source 65. The emitters are preferably mounted on a heat sink 64. The relative areas of the emitters are adjusted as
described above.

[0019] As noted above, arrays of lasers are also known to the art. Inexpensive semiconductor lasers (edge emitters
or VCSELSs) with appropriate output power to illuminate a projection display are not available yet. However their beam
properties and the fact that the light is normally linear polarized will make them attractive light sources for displays.
[0020] In addition to providing a higher radiance green source, a converted blue source solves the problems asso-
ciated with the spectral shifts observed in green LEDs as the output power is increased. As noted above, at present
the output of high power green GaN LEDs shifts to shorter wavelengths with increasing drive current or output power.
The wavelength shift creates color distortions in the image if the LED output power is amplitude modulated in order to
provide gray scaling. If the green light is created by converting blue light by means of a dye or phosphor, the green
spectral output of the converted source will not shift with a change in its optical output power. A phosphor such as
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Strontiumthiogallate (SrGa,S,:Eu2*) may be utilized for this purpose. Also, a dye such as Coumarine 515 that is utilized
in the fabrication of lasers may also be utilized.

[0021] Various modifications to the present invention will become apparent to those skilled in the art from the fore-
going description and accompanying drawings. Accordingly, the present invention is to be limited solely by the scope
of the following claims.

Claims

A light source (12; 60) comprising a two dimensional array of light emitting devices, said light emitting devices
comprising: a first type (65) of light emitting device comprising a blue emitter (61) covered by a green phosphor
layer (63) for emitting green light and covering a first area in said two dimensional array, a second type (62) of
light emitting device comprising a red emitter (62) for emitting red light and covering a second area in said two
dimensional array; and a third type (61) of light emitting device comprising a blue emitter (61) for emitting blue
light and covering a third area in said two dimensional array, wherein said first, second, and third areas are chosen
such that simultaneous output from all emitters generates white light, and wherein at least one of said first, second,
and third areas differs from another of said first, second, and third areas.

The light source (12; 60) of Claim 1 wherein one of said light emitting devices (61, 62) is a LED.

The light source (12; 60) of Claim 1 or 2 wherein one of said light emitting devices (61, 62) is a laser.

Patentanspriiche

1.

Lichtquelle (12 ; 60) mit einer zweidimensionalen Anordnung aus lichtemittierende Einrichtungen, wobei die lich-
temittierende Einrichtungen folgendes umfassen: ein erster Typ (65) einer lichtemittierende Einrichtung mit einem
blauen Sender (61), der von einer griinen Phosphorschicht (63) bedeckt ist, zum Aussenden von griinem Licht
und Abdecken eines ersten Bereiches in der zweidimensionalen Anordnung, einem zweiten Typ (62) einer lichte-
mittierende Einrichtung mit einem roten Sender (62) zum Aussenden von rotem Licht und Abdecken eines zweiten
Bereiches in der zweidimensionalen Anordnung; und ein dritter Typ (61) einer lichtemittierende Einrichtung mit
einem blauen Sender (61) zum Aussenden von blauem Licht und Abdecken eines dritten Bereiches in der zwei-
dimensionalen Anordnung, wobei der erste, der zweite und der dritte Bereich so gewahlt sind, dal} eine gleichzei-
tige Ausgabe von allen Sendern weildes Licht erzeugt, und wobei wenigstens einer der ersten, zweiten und dritten
Bereiche sich von anderen der ersten, zweiten und dritten Bereiche unterscheidet.

Lichtquelle (12; 60) nach Anspruch 1, wobei eine der lichtemittierende Einrichtungen (61, 62) eine LED ist.

Lichtquelle (12; 60) nach Anspruch 1 oder 2, wobei eine der lichtemittierende Einrichtungen (61, 62) ein Laser ist.

Revendications

Source de lumiére (12 ; 60) comprenant un agencement bidimensionnel de dispositifs émetteurs de lumiére, lesdits
dispositifs émetteurs de lumiére comprenant : un premier type (65) de dispositif émetteur de lumiére comprenant
un émetteur bleu (61) recouvert par une couche de substance fluorescente verte (63) pour émettre une lumiére
verte et recouvrant une premiére zone dans ledit agencement bidimensionnel, un deuxiéme type (62) de dispositif
émetteur de lumiere comprenant un émetteur rouge (62) pour émettre une lumiére rouge et recouvrant une deuxié-
me zone dans ledit agencement bidimensionnel ; et un troisieme type (61) de dispositif émetteur de lumiére com-
prenant un émetteur bleu (61) pour émettre une lumiére bleue et recouvrant une troisieme zone dans ledit agen-
cement bidimensionnel, dans laquelle lesdites premiére, deuxieme et troisieme zones sont choisies de sorte que
la sortie simultanée de tous les émetteurs génére une lumiére blanche, et dans laquelle au moins l'une desdites
premiere, deuxieme et troisieme zones differe d'une autre desdites premiére, deuxiéme et troisieme zones.

Source de lumiére (12 ; 60) de la revendication 1 dans laquelle I'un desdits dispositif émetteurs de lumiére (61,
62) est une Diode Electroluminescente (DEL).

Source de lumiere (12 ; 60) de la revendication 1 ou 2 dans laquelle I'un desdits dispositif émetteurs de lumiére
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(61, 62) est un laser.
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